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ej ♦ titbit (®wzm = &*&ttM)*tkv.&m 
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* ffl #. - It J» J& ft ^ g £ ^ ^ # t tt«T*Ai«^J» 
9k. f & It ' & & ^ : - « Mt ># _L # ( SO I )£. & ; - ^ t 

ft ' » - m & & t tt # a ft it 

& » & 4fe si £ ; — 4Mb # ; - a a B %k % %k u^/i 
M « € # ) ; a a s* * - & «. * ^ j^, j# k % & ft .*£ • 

i > (- ) - * # -ft ffl ^ ~ m 

S 0 I ( s i 1 i c o n on. insulator)^ I 10: /£ -R: >b? £f t ft #J 
^ # t ft 6 : ffl « J. ± M ft ^ o 

® $k & & m t ft ft M ft & 7 : flt 5t it m ' ffl a if ^ -y- 

ft 4b ,# 8 : ffl « H ^ t f It fi.^ ^ U . ^ m ft M #L -ft >f 



X * %X%tWm-£r (frBRJ&m ■ Strained Si FinFET ) 

The strained Si surrounding the SiGe embedded 
body on the SOI (silicon on insulator) substrate 
to form novel FinFET. The mobility in the channel 
is enhanced due to the strain of Si channel. The 
strained Si FinFET is composed of a SOI substrate, 
an embedded SiGe body, a strained Si channel 
surrounding layer, a oxide layer, a ploy Si gate 
electrode (or metal gate electrode), source and 
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ft % /& it ^ ° 

t B B a ^ f?i s t «t (^H: i roi t ^ ) 9 • # % m & m. & 



* > %X$tWm%: (&W%m ■ Strained Si FinFET ) 
drain. 
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3. * #«U§t8,«W (1) 

% w m m # 

^ $ #> - t ^ ^ t a a B it ' ^ m m m & # ^ -t #s 

# #r si ^ $ >J ^ s & m. # m m ° t ft ■# ^ & *t ^ • € ^ 

A • il & £ 'Ifc • 

& w it % 

m % m %l % a a a ^ (FinFET)^ *f.l|4L-*iiifc;Fj£##. 

# (doping)' # € B H a It 'J> K -f £s 'b &t ' i£ 4® # '14 ^ # 

# t M (threshold voltage)- 4SI'ftI!;£.i£'fB*S (fin) 
•T ttt ? ' it 1® & -t± * * ^ H ( f i n )# K j$ & # m # ^ 
€ M & 4S *| »^jtb^7b#S^r#it#Ba#^ ' * 

a* $<j j». & » & ' # a ± m % yk ¥} j& # ' m it *h $ %l m 

>b .° ifh & M 9t & (strained S i )<# & % -f € & It J# sfc. € Jt. . 
ft (Metal Oxide Semiconductor Field Effect 
Transistor, MOSFEDt ' t f ^ f S W 

(mobility)^^^^^-^^^^^ • m^^^^^^^ > 

*»] ffl ^ /& ^ # (relaxed)^** J: • itb ^ # ^ £fr ■ 
^"T-^-jt SOI. (si 1 icon-on-insulator.)^j 1 Ji » 
SGOI(silicon-on-SiGe-on insulator' ^ ^f- # & &\) ^ 
«L (bulk Si)- is. tt 5t if & A ^ ft 4- # 5t f B a B 
tt # & & ° ^ jlf _t ' IntelCi-Wiftft^ft^ffl^* 90nm|i 
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i - %mSLW (2) 

^ipfi (technology'node)t ■ tfc I n t e 160 & #f A #'J ffl bull 
Si60 & ° ' 

# *p ^ ji i4 & % 7t ft 60 At » ' tst tt £b a ^ ^ m 

m m & % B B a It (Strained Si FinFET)*# 4$ » *t € H B B 4ft »T J-X 
«. *b # *fr * ' it 4£ fh to # 60 1 >7Jl JfB % ft ' % $L # 60 4fc j£ 

# B £ #fc it 

* #. h - « ^ A £ ^ m ft* ^ if t £ ft # 70 
ft ' & & ^ : m %l % -t *P (Si on insulator, SOI ;£ ; 
— ^ # + «a 4ft ' ffl a J. £ ift 9t *P ; - H! *> ^ 4ft 60 A 

g # ' fe&MJ-ft$iirfa>%fr>^& # ' jfc *t. ^ m •£ ^ a 

& ^ ^ t 4ft ^ >?■ & - 5t * 4fi * 'J A « 60 A * ; - a 

lb % ; - a a B ^ W & € (^ 4 ffl 4£ ) ; ai s$ « M fa 
m A^st t B a a It ^ • 

. iil ^ & ' '«T f I I «M i * T 55" A # f 'J : & 

ffl ^ SOKsilcon on insulator)^ ^ J: ^ ^ ^ H ^ • m 
#L m & & fk n £■ T ^ SO 160 it i& 48t -48 ^ li I'J si^ f 

iU^^-felilU t ^ ft ^ $1 ' ifc n£ # A -ft ^ . -® & 
^ # t 4ft ffii ^ * tc # ^ it it • f «M t -4ft 60 ^ ^ it A 
^ >^ ># ^ 60 & & ' JL„ SO ^ 4l S i 0 2H ^ ># Pb^ >j5l t 4ft 
5C Ik & 10-100/z mrt » ^^T « I A if ^ (free si ipping) 
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i * ®w?i*n (3) 

If D' M # ****** * » 3fe (relaxed) » ifcb Bf#' 
ffl .^^^t * <^^-^^^ Ja ># ^ & ^ £ tensile strain^ i| 
9t *p • & iM« B t£ 8 /J it t£ a £ • 

*##*^tttt*,gtSfc'h*$ k ,&*#6&/?-£. ' B'J ^ £f t It 
(strained)' *b^A^|*^#t^tt4:^i 
B a a«>l ^ t orthorhombic strain^ 1 f ^ » t£ *a B # $t 
<M3 Jl ifr'J t£ 18 • - 

*ft^*W#3L<l}ll^*llf «*W*ft (relaxation)t a 
ffij £ »'j»teffl&£^#*^**jL#ifc£^j&fi*4r;W*.tifc 

^ i ^ ffi t r ° 

#1 $ Jt. it 4* m ' ittnfl'&Hfc^flf*****^**^*^ 

^ «r * € -f- * € a§) ' # ^ * it it * it it ^ m & € 

B e B I* • 

* 4* i it # a ' tt**#/tf**-jft£»rfc.$ j y--fc #. * 

^ 1^3 it ^ 4 1 ° 

• m. $L _t it ft & ' «. & *P W (poly gate) » * 
n + poly gateic p + poly gate 
ffi B ^ *L 

**ft*4T«»^ Aflf*»tH« • # # Jt j% ^ 4l T 

m : 

9 - B : ( a )3L *f & # & ^ * ^ ^ t B a a ft * #J *# 

.* « ; ( b )*& *t «r ^ ^ © ^ m m & ft ^ & b • 

# B ' & M %i & & ft • ft B - * ^ « a* 
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jl - &*natw (4) 

& n % *§i #) m % - 

^ ^ BJ : * #. ^ t t 4: ^ jit B B a Jife | ^ ^ t £ 

& & ?fc • * + 1 1 * 12 > 13 > \m ± tensi le 
s t r a i n#j ft 4£ B a a • 

% x m : & & * % it & w & bb & n 7F : n t it ^ 

5t ^ it ft • & t 12^ 1 3Jb ^ or tho rhomb i ca 1 s t ra i ntf) M 
I^J^ftfiJfe ' fa 11# 1 m ^ ± s t r a i n » * & it & 

relaxed S i^a Is] ° 

# -fc B : *4fc*#*;JfcW^ffli»fc£^Aft4L^# + <*«6$ 

A ft # t € > * . % m & # * n a* 0 it fj- i& & ^ m % • 

SOKsilicon on insulator, *S & ±. ) 10° 

m 2 ° 

ft 4b £ 3 • 

%L in *P ffl fa % fa 4r 4 ffl fa ) 4 • 
& & H & € & 5 • 

m t <^ it 6 - 

m $k # & t •« it 60 A ft & 1" 
#L 4b >f 8 o 

« Ja ^MfttttUil M« ) 9 • 
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3L > %t*ntSLW (5) 

*P & + *t *fi *L J& & 11 • # 

^#*«r*'Cift<4.fliiift£#12- 
^ # t ftM>fc-^ifc£#-13- 
^ ^ t •« ft Tl £p ^ & ^ # 14° 

^ m at w 

n ^ a % - m (a) > gr&$Lft&&Jk4-mm*?*§$k 

f B B a ^ t m <H & 4^ t ® (#- # it G. Kastner and 
Gosele, "Principles of strain relaxation in 
het eroep i tax i a 1 films growing on compliant 
substrate," J. Appl. Phys., Vol. 88, pp. 4048- 
4055, 2000.) > *t±#*it#**»B/9fjF4:S0I 
(silicon on insulator.ia t >l i- ^ ) 1 * 3f^^ 2 v #L 
4b 8 3 * a a B ^ W % 4A % & ft ^ t & 5#r £ . 
• & t A - A * ft B-B , *<t*&^-£*|g|y5ri«j6&Jfcd& • 4° ffi - 

4l c b )m • «■ & n - ^ m # # m, m m *>? m *t € & ft - 

* « f fid f Sfc* ^ ^.(effective mobility)ft£*fc$J#.# 
M *> B Z >f • t f ^ t j^l Ml ^ H universal mobility 

& • K — 4L-(a)+##*&^ (Fin S i #r # • £ 
^ (strained Si)^4i^T^^ ' ^«rf!fiiiilf^ 
(strained Si)l**** A-A't ft^ftifiBipB-^jF ' 

# # ft * ^ # t ft ^ A & ( H )A. 3t A ( W )& A >f # ft % £ 
(T,)A * £ ' a3&^#t'^ft&&ffc(relaxed)#Hfcj& • ffij 
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i - $tWOLW (6) 

IfflW.^Ui (strained)^ IR & • 0 ^ # i§ # * &4 

^ - a ffij a £ ^ m m m & % & « # it & *t 

• R e 1 a x a t i o nS it f& -f- W T » »T m T A % ft : 
re 1 axat ion = H/(H + T,). 

@ & -g? 1 1 . & & M 5fc (relaxed)^ 4% » # 

£fe $J M & & & XL J& M *P t ft.^ d*. ' 

=. fli # 1 2 - 13 - 1 4 ' #f a re 1 axat i on|% T 2 ^ T 3 > T & 
^ #, » 0 jtb £ H#*j A # JE tL # ISt tf T OJ *» H=l 0 T ,) > # ^ 
t ^ilt^a relaxed' |^*^ilft'«ftl ® ^ 

^ ^ f i,^ ^ strain' M'Jfflitb strained S i$t £ il. iM. • ffij 

&-1r7fcM&*P1&'j& tfltik * 'J * i§ # ^ n fa #) % ® » 

• M tSt tfj # # ® #J a a B EE S& A # J. & # 4fc J. £ • S 
itb -f- fi- # © #J b b b * *t |H %L M- #3 # # ft ^ ft m ' & & t 

ft £ * 10-100^ mft ' fi'J ^ ( 1 SO 1^ fL 4b M & & tW 
(free slipping) W I, # 4 X t G. Kastner and 
Gosele, "Principles of strain relaxation in 
hetero epitaxial films growing on compliant 
substrate," J. Appl. Phys., Vol. 88, pp. 4048- 
4055, 20 00. )*b m $k & $k t It e? W &) & ± tensi le 
s t r a i n-3L strained -Si ° t °1Jt tensile strain' i-H-ED 
-1*1 is t 6d 1.1 - 12^ 13^ 14Xt * ^4 b s b m A # m B a B ^ 

*t - * A ^ * t ft © #i #J © 2£ se, ' -fit # ^ l-f^ ^ff 
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3L » (7) ^ 

It t «» It - #. ' ^ m * ft 2^ # #3 B a a *t 4b M » 41 H 11 

• * 12^ 13^ 14^-^ tensile strain^ strained Si' fa E3 
#J it it # ft # i§ ^ 0 strain^ ffl % H i* ° m 5- K 4k 

& (tensile strain)t » <f & ^ if 
^#it^a*t^'ftlA*»*.W*'j3t, ' * it # # ^ it it * 
ft ' tt^iStTl^^Xt (F. M. Buf ler et al. , "Hole > 
and Electron Transport in Strained Si: 
Orthorhombic versus biaxial tensile strain, "Appl. 
• Phys. Lett., Vol.81, pp. 82-84, 2 0 0 2 )4l &f * - — jfe 

0 . 8 m £ -fr it ito #) 6 0 * it # # A 2 . 2 5te € >J=J it # 

# •■jfc8*Jll»3fc#tf + ^ft#.J&-ftift£# ' m. % * 2 0 °/o^ 
^ 4 tb (mole fraction)" 

^^^S^^ftta't ' fl& t ^ strained' -frj T^i 
A i£ 4& >& # #j -fc ' I'J^t t -cijlf If ^ strain' 
f ^ tetragonal a a a ^ • M'J g| itb t •« It A ^ _L 

4l ^ # ^ it # it • *» n a #r tf ' -^l m j-x # "H #i 

orthorhombical strain' i-^-S^^ffly^t 12|i 1 #l 

B a a m a -k & b b b t it * - & ^ # t it #j ® ' us- ' >r 

ft 1*§ ^ # B B B & t *t & AO & i£ it IF ft "f" -ff # BB t it 

& relaxed Si- & ' #1 2r ft 2^p- *f #J b 9 b ft- t it 4b £a » ^ 
12^ 13-4^ orthorhombic strain^ strained Si' it # 
4^£. # ft l^itit^Tft^#it^7 (S I, t ^ f f f f f 'J> ^. 




i > (8) 

4t )» ifij£^# + *i*i/£*p*TJi*p# 11* 14Mf & relaxed ' 
Si' iS. # * it & * if jjo - B-t^*Bift^» t '^|ti*^ 
#J X .#> & ' * & $'J # It & # A ^ (orthorhombi c 
tensile strainM ' % -f- * « >W it ^ it it 3" ft if >fa 

H*t*fJA«»*«ifl!-3L (ff # # # X $L : F . M. Bufler, 
"Hole Transport in Orthorhombicallys trained 
Si, "Journal of Computational Electronics , Vol. 1, 
pp. 175-177, 2002; Xin Wang et al., "Monte Carlo 
Simulation of Electron Transport in Simple 
Orthorhombicall Strained Silicon, "J. Appl. Phys., 
Vol.88, pp. 4717-4724, 2000; F. M. Bufler et al., 
"Hole and Electron Transport in Strained Si: 
Orthorhombic versus biaxial tensile strain, "Appl. 
Phys. Lett., Vol.81, pp. 82-84, 2 0 0 2 ) • .- *t #. Ift » . 
-t^^t'^lf&St^m^Bf ' m Hi & ±- 41 fa -fe M ^ » t 
2 0 %m £ ^ fcb #J (mole f r a c t i on )8f > ^| - t &d 1 2* -1 3>fc 

*itit^rft4Lm^^ i . 5^ m ^ i§ # ^ ^ i . 8^ t m n & 

^ ' m *h & 11* 14S^ii>^^ strain' ^ « ^ # # jl i J| ' 

• a Ji « =. - JE. - -t flr 7F ^ it # # i^j * # ' £ S i / S i 0 2# 
® ^ fti: (surface roughness )ft i§ # # #r it /£ #J 

* ' - «t . ' f|i*l^^fi^i^^t^ o $- % X 

ft (M. V. Fischetti, F. Gamiz, and W. Hansch, "On 
the enhanced electron mobility in strained-silicon 
inversion layers, "Journal of Applied Physics, Vol. 
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i » &WifLW (9) 

92, pp. 7320-7324, 2002. 

mm' € « m & % $\ jfc - 

I lb A. At ^ ' ffii^t^il 

^ ji m it ' ^ # m & % 
% m m & & * ><* & & & & m 

.ft m & € b b b it & # ^ *# *fc 

a « m m % t&. € . a ' * 

if it #J a # * PR. ' u ft + ^ 
4fc * * a ^ 4f- * & H Jfc 
4* 4fc ' $ E ^ W t ft # 
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1 . i« ^ M 9t & m & t a B a It ' * & ^ : 

- SOI (silicon on insulator, -L*^ )4|. 

- ^ # t <u It 

- si fk & t ^ it & m & 

- ft 4t 4 

- ?i a B a ^ ^ t; & 

- & n m % m. 

2 . -ka f # |E IS $ 1^ m ^ M # ' * t ^ ^ t • •« it ft 

*r & & & $l & & - & % it Eg m $ 7t 4- & • 

3. *> f H*^U8 I 13? #t it 4l # 4* ' H-fb^^^T^*^ 
<& # ' high K# # - Si 3 N 4 ^ oxynitride % - 

4. *. t * #■] II, s h im ft it 4l & m ' &#^$i^»r&t; 

-f £ € >fi ' * &P P2! it it A it it ^ % £ It • 

5. *»J|£K# ft it 4l & # » * t B a a ^ m & 

# # & b b b ^ ^ W ^ ' i£ JL & & ^ n+^ p+# ^ B a B ^ 
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JW A Ti - Ti - Ti - T4 • ^ & >8l& -Sp & ffl — Z~ (a) |SJ • 






900 


1 1 ■ 1 r 






800 


-\ 








■ \ 






700 


' \ 


— : 


1 


600 


\ 




~E 
u 


500 


\ 














400 


•s. 














300 
















200 








100 








0 


1 1 — 1 1 l_ 


— i t i — i — i i ■ ■ ■ 



0 200 400 600 800 1000 1200 1400 

^gt^JftkV/cm) 



m E9 °4- ^ b b b m m ^ & m t it & % ± n 5& ° % t 1 1 ~Q 

12 ^13 - 14^ & £ tensi le s t ra i n #j ^ g ^ 4ft & • 




4 



# # if ^ g] -it *f JSL M # • 




5 



si a # ol B a B m m : n t ^ it 4 £ ^ > g - 1 1 2 ^ i 4) 

^ orthorhombical strain^ 1 f ^ f a s a Ife • fa 1 1^ 14 
m 4t * strain « & B a B # & ^ re 1 axed Sitem • 




\ 

\ 

& ^ M & M i$. £L f$ & ° 




0.1 0.2 0.3 



0.4 



7 



